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' • SUMMARY' 
Module Title: 

CKemistry for Operators 
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Approx. Time: 
42 hours , 



Submodule Ti.tles:- 
Introduction, Compounds, Chemical Equilibria 



{ 



Solutions, Chemical Equilibrium I, A.cids & Bases, Solubility 
Equilibria . ' / '., ' ' - 



Objectives:- 



.Upon completion pf this module the participant should be able to describe the 
basic structure -^nd types of matter, o'denti fy .compounds and recognize their 

"vai^'ous attributes,', examine chemical equations and reactions, relate all the 
various aspects bf solutions,' explain chemical equilibrium, examine, acids and 
bases arid their usage, and explain solubility 'equilibrium. 



Instruct! onct>l Ai;ds: ' ^ 


*^=s:^ — ' ^ 




t" 


Singer SVE fflmstrips 
Handouts - : . 
pH 'meters [ 
Titration equipments . i 




• 


1 


Instructional Apprdach: 






* 


Lepture * - 
His cushi on ' ' • 
Films trips ^ - " \ 
In-clas^s partncfpation ' 

Keterences: 


1 . 


y 


\ 

V 



Chemi s try Made ■ Si mpf e , , by Fred C. Hess.-- 1 " , " ' 

tnemistry tor Laboratory Technici ana by. Stanley Cherim^' 

Manual ot lnstr(ict1on tor Sewage- Treatment Plant Operators , by Health Education 

' Chemistry fpy' s|initary E»Wbers by' Sawyer and McCarty ' - 
; mstructicfnal Development Workshop, by EP/if, Vtah State University- 



iptrodijctl on ■ t.o " 

Ana lytl.ca {i-Lhepstry . by'T'ie'tryzk and Frank 



Moaern Cfi&tnica,TI Technology b/ Chemical -Technician Curriculum Project 
ii-nger- bVt H Ims-trip Series (Chemistry) by singer 



CT 



Chemistry by Yurk, Heisltch. Bres'ci.a, Arents 



ts; 



aSjS Assigmnenf 
Reading-^and pro|)lem assignments^ as sHowa in module 



Module No: 



\ 



Approx, Time; 
h hqur 



ftoduTe Tsltle: 
Chemistry^ for Operators' 



Rage of 77 



Submodu>e .title: 
Jntrpduction' 



Topic: 

Perspectives 



Objectives: - ' \ - ♦ • * ' 

Upon completion of this mddiile, the participant should be able to: 

1: Define each of .the following:/ Chemistry, chemical properties, chemical 

change.. . ' f ^ 

2. Describe h.ow chemistry is used in water. and wastewater treatment and the 

signify? caace of * chemistry in water and wastewater analysis/ 



Instructional Aids: 



/ 



•. 4- 



Ynstructional Approach: 



'X 

References 



7 



Chemistry Made Simple ,. Fred C. Hess, Doubleday and Company, 1955. ^ 
Chemistry for Laboratory Technicians, Stanley Cherim, W. ^B^ Saunders ^Ciff^,, 1^71. 



Class Assign'p^nts: " 



Read PP 



. 1 l^. 



Vi 



16, Chemistry Made S\irpple 



f ' 



■ ■ \ '. 

^ 



ModufeUo: 



P^9e 3 of . 77 



Topic; * ' ' 
Perspectives 



Instructor Notes: 
4 



pp. ^ - 16 Chemistry Made 
Simple - Introduction, 

PP- 65 - 69 Chemistry for ' 
[ Laboratory Technicians 
Matter ' ' 



■ c 



ERIC 



Instructor Out'ilne: 



Objective 1 - Definitions 



c. 



Chemistry should be presented as a branch 
of scienceUhat deals wfthvthe combosition 
; t)f matter a^d changes in forms of matter. • 

Chehiical properties are identified as a 
listing of ..all the chemical reactions- 
of a substance and should be distinguished 
C from ph^5 i cal properti es . • : 

Chemical'change should be described as a 
changfr from one substance to" another. For 
example, burning carbon compounds ,< under 
. oxygen, fw-oduces carbon. dioxide as one 
product: This can be -used to indicate 
chemical-change and a type of react»ion. 
Emphasize that chemjcal change involves 
• a change from one substance to an entirely 
new -one and not a physical change, as in' 
water freezing to a solid form. 

Objective 2 - Significance of Chemistry 



A sort of overview of chemistry applied to 
wastewater treatjnent. Give examples where 
chemistry may be used such as in coagulatfon. » 
chlqri nation, softening-, and 'in laboratory 
analysis. A lab example could be pH measurements 
de^dnbing- that pH actually measures the hydroqen 
ion concentration in water solutions 



L 



0 , 

• ERJC •■. 
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Module No: 



Approx. Time: 
2 flours 



Module Title: ' » 

Cfciemistry f or Operators 



/Submpdule Title: 
Introduction. 



Topic: 

Types of Matter - Chemical Terms 



Objectives: Upon completion of this module, th6 p^tibipant should ^e able t^T^ 

1> Define each of the following: Matter, substances, composition of matter, '^'^ 

eleinents, compounds, mixtures, syr^oTs of 'elements. 
2. Explain thajt elements are the basic constituents of jnatter and that all 

-elements known to man are found on the pericolic tat)le. 
i 3. Name 10 eonmon elements ej)countered<* in water and wastewater and write their 

I symbols. • 
4. , Distinguish between a compound and' an element and recognize that compounds 
are. more -abundant than elements. ' * ' ' ^ ^ ^ ' ^ 



Instructional Aids: * ' ' 

Singer SVE Tilmstrip ^ Elements, compounds and mixtures 
Singer SV^ Filmstrip -'Tiie periodic, system ' 



Instructional Approach: 

Discussion - lecture-- 
Filmstrip - A 493-8 
Filmstrip - A 493-2 . f 



References: , • ^ 

Chemistry Made Simp3'^ . Fred C.' Hess^j-'DpubVeday and Company, 1955, ,^ 

" Manual of Instructron for .^|w age 'Treatment Plant Operators . Heal th' Education 

Service . \. . ' - 

■ Ghgmistry for Laboratory Technicians . Stanley Cherim, W. B, Saunders Co.*, 1971. 



Clas-s Assignnx?nts:~ 



Read>PP. 1& - 18' Chemistry Made Simple 



Module No: 



Topic: 



. Types of Matter - Chemical -Tfirms 



Instructor Notek: 



pp. 16 - 18" Chemistry. Made • ^ 
Sijnple - Chemical ProRerties • 



Fig. 12,. P. 27 Chemistry. Made" 
Simple - ' 



P.. 93 ^ 99 Chemistry for 
Laboratory Te'chnicians ■ 
■Periodic chart 



P. 222i Table 11, Manual of 
Instruction for Sewage Treat- 
ment Plant Operator's' 



P. 18 Chemistry Made .Simple, 
Compounds ' 



Instruqtor Oufnne: 



c. 



Objective 1 - Dfef-initions 

a. - Define matter^Bnd explain that>*ype^'of 
matter ^re differentj/^ted in terms ol 
prope^^ie•s.. \" 

b. Substances are *a tiefinite variety of matter 
and e^h specimen has the same properties. 

Composijfcion of Matter relates to th^ fa.ct • 
that matter is./made/up of pur?- substances, 
elements, or combinations^ of substances, ' 
compounds . ^ . . 

-d.' Elements" a re the buil^ling^ blocks of matter, 
the basic constituents. Define piemen {s ' 
by their chemical symbols "and give sever^ 
examples. Compounds should be -described ■ 
pure substances composed of chemically V'- 
..combined elements, PoifTt out; thcit 
compounds can be decomposed -into elements 
only by 'sdme typeDf chemical change. * 
E)?plain jnixtu,res"'a§ a conttnuatioil.of 
substances held tog'ether by physical leather 
*than cheifliCal liiearts. ' .•' . , " ■". 

Qbjective 2 - Ele'ments, periodic tpble 

.The periodic 
I, -table of the 
periods. * '.. 



table should be reprasented .eH a 
elements, and identify group's, cind * 



Objective 3 - bommon t(astewater Element's '^^^ 

Associate elements with'their symbols. ' List 
A about 15 involved in- wastewater aild discuss 
wher« they are encountered. ' . . ' 



■tompoun'ds and Elements 



Objective '-4 - 

_ •> » ■ ^ ' ^ ■ . , y 

Give several examples Of compounds by writing 
their chemical formulas. Compounds arid elements • 
should be differentiated by forniulas a"nd symbolL, 
Compounds are mucll more abundant. than-el emeftts . 
and as 'elements combine to form-'eoqipbun'dsv the " 
e-lement§ lose their i-ndividu&l .properties', ?nd ' 



Module Ho: 



Instructor Notes: 
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Topic: 



Ty>es of Matter Chemi.cal Terms - Cont. 



.Instructor OutHne: 



a new set of propertifes unique to the compound 
IS created. Indicate also that some elements 
may combine with" themselves to form compounds 
such as chlorine molecule's combining to fopn 
CI2. . . • 



J 



\ 



8" 



P-age 



7 of 77- 



Hodule Nd: 



Approx. Time: 
hours 



(Moilule Title: 

Chemistry for Operators' 



SubiTOdule Titl-e: 
Introduction 



Topic: \ ^ 

Structu)^ of Matter 



Objectives:. -Upon completion of this module, the participant should be able to: 

Differentiate between an element, atom, electron, proton, neutron in terms 
of electrical charge. , • . * 

^2. Illustrate that atoms of elements have a central^'core*' called the nucleus 
^ consisting of protons and neutrons and el ectyronl" orbit tfie nucleus at 
rel^ively l.arge distances'in distinct shslls/ j 
Indurate that electrons .in oi/ter shells are iliv§lved witp chemical 
reactions^ and it is these electro'ns which determine the charge of a,n atom. 
Explain that^ a positive charge balances a negative ctiarge and 2 negative 
charges balance 2 positive charges etc. ' '•^ • 

Define atomic weight of an element. ^ , . ' " 

Given the J)eriod*ic chart find the symbol for calcium, oxygen, chlorine, 
flourine, magnesium and -their respective atomic weights. 



- 5. 
6. 



+ 



Instructional Aids: 



Singer SVE Filmstrip - Grqup J,' Atoms, molecul^s^- and ions 



Instructional Approach: 

'Discussion 
Fjlmstrip i A 493-1 



References: ' . ' , v . 

Chemistry Made Simple . Fred C. Hess, Doubleday Vnd CompclttS', 1955 
Chemistry for Laboratory. Technician^. ^Tanley Cherim, W.'B. Saunders Co.^, 1971. 



Class Assignments: 

Read PP. 27*.- 30 Chemistry Made .Simple'' - 



Module No: 
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. .Toprf! ' 

Structure h'f Matter 



Instructor Hptes: 



P. 23 - 30,Chemistry^Made 
Simple, Structure -of" Matter 



P. 82 - 88 Chemistry for 
Laboratory Tec)inicians - 
Atonvic structure 



Ijistructor Out'ilne:- 



Objectives 1 and 2 - Bohr Model 

« • — — \ 

Basically describe, by illustration, the Bo»r 
snoderof the atom and empjiasize that 'electrjns^ 
protons, neutrons'are the" b^is'ic jziarticles' o.' 
an atom: Elements are composed fof atoms. 
Piscus^- the electroneutraility cff^ elements 
Briefly describe' atomic number. . , 



Objectives 3 and 4 



Electrpnfeatrality She 
Charges 



j\ 



s &I 



Discuss .electronic shells of atoms, and emphasize 
that^lectrons in the outer shell (s) are irl^olved 
in chemical reactions oj*' changes. .Discuss 
balancing .of charges. 

. Objectives 5 and 6 - AtomicWeioht 



Atomic weights should be descriljed by usinj 
periodic tabid. Several examples of chemi 
names » symbols, and atomic weights should 
given. Atomic weights are .relative .but me 
introduced irt^terms of grams, gram-atomic 
quantity, of an el'fement. ' » 



the 
:al 
e 

be 
eight. 



... ^ 
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--Module No: 



Approx. Time: 
1% hours 



Module Title: ' 

Chemist^y^ for^ Operators 



K 
% 



SubfDOdule' Title: 
Compounds 



Topic! 

Valence 



Object ^^es: * 

Upon completion .of -this module, the participant should^be able to: 



Illustrate that the electrons i-n the outer shells '(generally) of the elements 
can transfer between elements to fom compounds. 

Describe valence and identify the val^erice number with periodic table groups. 
Given a li/t of compounds and^ians of these compounds identify the cations 
and anicJTfST - ; - • ^ 

Define ratjicals and list 8 encountered in water and wastewater.- ' • 



Instructional Ai<ls: 
Handout No. 1 



/ • 



Instructional Approachr 

Discussion • ^ 

Practice finding valence ih-c]ass 



Referer^es 



Chemistry Made S1mple^ >^ Fred C. 'Hess, Doubleday and Compahy, 1955. ^ 
Chemistry for LabOratory^Technicians. Stanley Cherim, Saunders Co., 1971. 



Manual of ItrstructtiDn for Sewage Treatment Plant. Operators, Health Ed.ucation 



Service 



Class Ass ignn)ents: ^ / ^ 

Read PP. 32 - 37 Chemis'try Made Simple- 
Read Handout* - • • ' 

11 




Topic:' ' 
■ Valence 



Instructor Notes>. 



\ 



P. 32 - 39 , Chemistry 'Made 
Sinipl.e, Valence.*^ 



p. 99 - 106 Chemistry for 
Laboratory Technicians - 
Nature of the Chemical Bo/i'd 

P. 272 TaM,e 11, Manual' of 
Instruction for Sewage • ^ 
Treatment Plant Operators 



Handout No. 1 



9 
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Instructor Outline: " 



Objective 1 - Outer Shell Electrons 



.4-: 



Describe the process of ion formation in detail;. 
Define it-as^a transfer of electrons or- an 
electroyalence process: Electrons in outer > ' 
shells in. atoms will need to be re-examined. ' 
-^he participant will not need to work out each 
ion pair formation, but merely understand the 
.process since valence will generally be 
^memorized or found according to 'periodic ' 
table ^groups* • The^sodium chlorine example 
serves to ei<pl.ain the electron exchange 'process 
and -the production of'I'&ns.. " - 

Pbjecti.ve 2 - ValenrP • ' . - ' ' 

Describe valence number as the -ni/mber of''- ' ' • . 
electrons^f the element involved in the *• 
formation of a compound. Give the general 
ruTes in determining valence number^of.an . 
elemen-t according 'to perio'dic table-groups >^ " 
rn.di cate ..that valence No. df an ion is 
numerically equal:, to the charge on the ion, J.' 
positive Ions have.positive valence numbers, • 
negative lons .have negative valence numbers'. ' • 
Give several examples. Briefly describe 
coyalen9e,.^ and , differentiate between 
electrovalence products and covalence- products. 
Define molecules -and npte that they are present 
only IP covalent compounds. 

.Oboectiveil-- .Cations and Anions 

Describe .cations snd. anions and give several 
examples common to wastewater. The importance 
or. ions -in solutions cou.ld-be related in terms 
of l-aborato-ry^testiog. pH is a measurement ofu ' • 
hydrogen ions, hardness measures cilcium and 

■magnesiun}.ions,^the iron test measures iron ions, \ 
and free chl-orine measures' chlorine i'ons. Indicate 

--ma^some compounds .when dissolved in solutions, ' 
may dissolve into thei r component catiplis and 

.anions. Wtt several examples and-i J lustrate 
now ions are represented.- 4: 



'/ - 



Module *Ho: 



Instructor Notes: 



Hand^it No.' 1 



.•1 



• r 



A 



ERIC 



' Page IT of ' 77^ 



Topic: 

Valence -.Cont. 



Instructor Out fine; 



0bjectTve<4 - Radicals- 



Define, radicaljs as chemical* compounds or 
clusters (3f,. elements which behave as if 
they were, a single element, list several 
radicals and their respective valence and 
.indi^cate that they will always occur as such 
-a/id muU be learned individually through' 
^repeated jiise. . « ' 



13 



. si 



Page "12 of -77 



M6{lule Ho: ■ 




'•/iMiule Title.: ' ' 






• 




■'m 


•sChemistry for Operators* 










?^ubnx)du1e Title:. 


\ 




- / 

• 


Ap{%rox. Time: 




Compounds 






1 hour 




Topic: 

Nomenclature / ^ 

' 1 J 






* * 



Objectives: 

Upon completion •of^J:•h is module, the participant should be able to: 

1. Name 10 .compounds used in water anjj wastewater treatment and find their 
V. formulas* / { ' * 

2. Indicate the use of valence when making compounds and how sObscripts are 
used in ^forntula^^^to balance ^charges. 

3. Name 5 hardness 'caugii^g' ^ dt ^ ia tration's and their 5 common anions and make 
compounds from these/ » * , . 

4. indicate how radicals are used in formulas. • ' / » ' / - - 



Ij^structional 4ids:' 



Instructionalf Approach: 



Discussion . ' ~\ 
Practice making, formul^s--/^ " ^ 



Refer&nces: 



Chernistrv Made Simple . Fred ^ Hess, Doub4^d<y-aM Company,' 1955. 

Chen!istr» for Laboratory Technicians . Stanley Cherim, W. B. Saunders Co., 1971, 

Chemistry for Sanitary Engineers . Sawyer a'nd McCarty, McGraw Hill Co., .1967;. 



Class ^s1gnnK?n|.s: : ~ 
Practice-* making fohnulas 



r'lodule.No; 



Topic: ' 
Noitienclature 



Ins'tructor Notes: 



P. 35j^;36 Chemistry Made , 
Simple, Formulas and Valence 

p. 109 - 113 Chemistry for . 
Laboratory Technicians - 
Formulas and Nomeifclature' 



Table 12, P.. 2^5 Marvual of 
Instruction fo»^ Sewage 
Treatment PTant Operator^. - ^ 
impound names & formiiltts 

« ' - ! 
Table 19.- 1, P. 349, [Sawyer 
and McCarty, Cations causing 
hardness . ''" " , . 



Instructor Outline: 



Objectives '2 and 4 - Valence. in 'Formulas, Radical 

Indicate that -the net sum of all the valence 
numbers in a given compound must be zero, 
in most' cases. Formulas should be described 
as the ratio of tjh.^ atoms of each element 
present -in the .cqppound. Show by several 
examples* how valence charge's are used to -make 
..formulas for compounds. Show how subscripts 
are used to balance valences. Use radicals to • 
make formulas* and illustrate how they are- " 
balanced in respect to charges. The student 
should hh encouraged to practice making formulas 
and learning valences. The use of suffixes ide, 
ife,. and ate should be briefly dis cussed-. witf) 
respect to naming compounds. 

Objectives 1 and 3 -5 Formulas of Compound? 

-^The student should be able io associate formulas 
of 'Compounds with names. Hardfiess causing: 
cations -and associated anions can be introduced 
and formytas can be composed for various 
compounds^ using these ions.. - * ' 
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Module No: 



Approx. Time: 
2 hours 



ftoduje Title:' 
Chemistry for Operators 



Submodule Title: 
Compounds 



Topic: 

Molecul^ar Weights 



Objectives: • ; 

Upon completion of this module, the parti cipant.^hould be -aWe to: 



h| Define molecular weight .and indicate how. it^is computed. 
2; Given the actual weight of a cqmpound determine the number of molest 
3* • Given 5 compounds commonly found i^w^fstevf^ter select the weight in 

needed to produce 1 molar solutioVis^rtKese. 
4.^ Indicate that ^^n element may comMnerwjtljS'tself to form^^ molecule., 



grams 



Instructional Aids: 



Handout No. 2 t ' 
Singer SVE Filmstrip - Atomic "and MoT-eciilpir Wei.gfits 



Ins t ruct i onlp Appro'ach : 

D,iscussion 
Handout No. ^ 
Filmstrip A 493-4 




. \ 



References; 



CKemistry Made Simple , Fred C. Hess, Doub.leday and Company, 1955 



Chemistry for .Laboratory Technicians , "Stanley :Chef|im, W. B. Sau 
Ins-tructional Develcrfiinent Worl?§Tiop' , EPA, Dtah Stal^ University, 



Saunders Co. , 19.71. 



1973> 



Class Assignnxjnts: 

P.' 38 Problem set #4 Chemistry Made Sirrple 
Read. Handout No. 2 




Topic: 1" . " 
Molecular Weights 



Instructor Notes n 



P. 37 - 38. Chemistry Made 
,Simpl0 - Foj2nula or Wolecular 
Weights ' ^ 



Handout No. 2 v 

pp. 114 - 120 'ChemistrV for 
Laboratory Technicians, the 
Molecular concept 

Section 5 - Insti'fftiQnal 

Development Works,hbp - the* 
molecular concep't. . * 



Itjstructor Ouf.ine: 



' V— ' — T- 

Objective 1 t Malecular Weight 

Dpfine formula -or Molecular weights,* use ' 
sevei:al examples for determination of 
mo-lecular weights. . • , 

i^bjectives 2, 3,' and 4 r' MW actual weight S 
'- ; relationships 

Define molecular .quantities and show how the 
numbers of moles is ~_found given the weight of 
the compound. DescrtB^ molar solution^ and 
show how. quantities of compounds are found to 
make 1 molar solution dr^fractions of. Allow 
the participant to. wBrir*."keveral in class 
problpms. Submodules 1 arid' -2,' Introduction 
and 'compounds, should be reviewed at this 
po'int and Exam No. 1 may be given at the next 
session. ■ . . 



Module No: ' 


I 

\ 

. ,8 


Approx. Ti)n^ 
Ih hours ■ ' 


y 
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Jtodule Title: ^ 
Chemistry for Operators 



Submodule Title: 
Chemical Equations 



Topic: 

Equations -'Reactions/ 



Objectives: .... 

Upon completion of t'liis module, the parti|:ipant should be able to: 

1. Given a chemical equation define reactants, products. 

2. Name and describe four types of chemical reactions. 

V • ..." 



InstructioftaKj5^ids»:- ' I . 

Singer SVE Fflmstrip- ^mbols, formulas,. ahd^^uati'Sfi^ 



Instructional Approach 

Discussion. - - 

•Filmstrip - A'M93-3 




References: 



Chemistry for Laboratory Techmcians . Stanley Cherim, W..B. SaunderS' Co. , 1971.' 
Chemistry Made Simple . Fred C. Hess, Doubleday and Company, J955. 



« * 



Class Assignments: . 

Read PP. 20 - 21- Ghepiistry Made SinpTe 

- • 1-8 . 



\ 



Module No: 
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Topic; * 

Equations - Reactions 



Instructt)r Notes: 



Instructor Ouit'dneL:' 



.2^ 



-.1 



Objective 1 - Chemc^l Equations 



Labo5atory^eSdIns%'hpl,- '] ^'''l^^t '^^^^^^^'^om for reactions. , 

Chanqe ^ Technicians. Chemica reactants. products, symbols used in depleting 

• \ • equations. Briefly introduce the concept of 

P 22f5 Manual o-F T^i.+ stoi chi ometry . Give examples of equations 

Operators - Equations 

ObjectiveJ^ - Types of Reactions I 

'Chem?caf cSanq'I'*''' "'"^^ ^•^"'"^'1 ^'^""j^^ the four. pnnVal types of ch^mtii^^ 
• ^^^"9^ reactions which includeXcombination. decompoliti 



on 



replacenient. 'and double displacement. Discuss - 
energy changes and. .catalysts involved in reactions 
Review how occurrences of chemical change are made 
..obvious such as gas evolution, precipitation, 
large energy changes, color changes, etc. 



19 
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Module' No:' 



Approx. Time: 
2h hours 



ftodule TUle: ^ ' 
Chenvistry for -Operators 



Submo'dule Title: 
-Chemical Equatiojis, 



Topic:.. ^ 
Balancirfg Equations 



Objectives: - ' " * 

Upon cornpletiqrt of -this module, the participant should be ab'|^ to:.V^ v . 

1. \ Define the law of conservation of matter, ^ T"^ 

2. ' Describe how coefficients and subscripts are. used in balancing'equations to 
•maintain the law of conservation of . matter: 

3. Given reactants 'and products fj^m a common reaction write a balanced 
equations > • . • ^ ' x ^ 



Instructional Aids: 



InstructionaxI Approach: " ^ 

Discussion 

Practice balancing lequati'ons in-class 



References: ' ' \ | 

Chemistry Madte Simple. Fred C. Hess, Doubleday and Company ^ 1955^^ 
Chemistry for. Laboratory Technicians . Stanley Cherim, W/ Saunders Co,, I97L 
Instructional Dgyelopment Workshop . EPA, Utah ^tate University, 1973- 
Introduction to Chemistry , Tbrk. MeisUch, Brescia, Agents, 1968, 



Class ;As si gnnKjnts: 

Do' problems' CH 5," Chemfstry Made Simple^ 

0C\ 



Module in): ► 



Page iq . of 77, ' 



Instructor Notes: 



To|:tc: 

Balancing Equations 



Chapter. 5, Chemistry Made V 
Simple, Laws of -Chemistry 



PP. 120 - 125, Chemistry for 
Laboratory Technicians - 
Equations 

Section 10, instructional • 
Development Wprkshop., Reading 
and Writing -Chemical 'Equations- 
Exdrci-ses - . • 

Chapter 5, Introduction to 
Chemistry, Turk - Stoiehipmetry 



Instructor OutV4ne: .-' 



Objective 1 - Law" of Conservation oJ^Matter 

Define the law of conservation of matteir arid 
relate .if in terms of^reactants and products. 
Also introduce the law of defi.n-ite properties.^ 

Objective 2 and 3 --Balanring Esuatiojis / 

The rules governing the writing'o'f balanced 
emjations is probably b^t developed by using ' 
s^^vceral exampliss. DescHbe, by examples, how ' 
subs^c-ripts and coefficients are used to balance 
equations to maintain the above-laws. Examine^ 
stoi chion3etri.c. reactions again as one in which 
all reactants are converted to final products,' 
irreversible reactions. Introduce, reversible 
reactions and briefly describe the equilibrium 
cGncept. Give the student* the opportunity ^to 
balance several in-class equati^ons when given 
react«nts^and products. -fhese>)bjectives wtll 
necessarily take some time. 



«<>' » 
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Ptfge of 72, 



Module No: 



ERIC . 



1 



Approx.- -Time: 



1 hour 



ftodu^le Title: 

Chemistry for Operators 



Submodule Wtle: 
Chemical Equations 



Topic:. . - / 
Ionic Equations 



Objectives: ^ • \ . 

Upon completion of this module>;tiie pprticipaht shouTdWable to: 

1. Describe the process of ionization in water. ^ ^ 

2. Depict with an. equa^tion how a compound, when dissolved in waf'er, -reacts or 
ionizes into its component ions. - "^TT^^ ' ^ ' ' 
Indicate that the charges on the ions' are^ "balanced'* with respect to each 



other and must be of "equal" and opposite charge.V 

Given several compounds common to wastewater descnbe-by equations; how th,ey 

ioni7J^.intn t.h*Hwr rpcnprfiuo inm'r rnmnnno^n+:c - ' , ^ . 



ionize .into thfeir respective ionic components*^ 
Indicate that^^not all compounds ionize to the ^gn]e dggr^e. 



Instructional Aidi:;- , 



Instructional Approach: 
Discussibn 



Ref<erences: ' • - - ' 

Cbenlistry Made Simple , Fre'd C. Hess, Doubleday and' Company , 1955. 



r 



■ < 1^ 



Class Assignn)ents: 1^ . 
Read Pp. 76 - 79 Chemistry Made. Simple 

■ ^ 22 



Module Ho: 



J Vomc: 



^oaic Equattons' 



Instructor Notes: 



PP. 76 - 78 .Chemistry Made 
Simple - Ionization ^ . 



p. 78, 79 CheiTrts try. Made' 
Simple Strong and Weak 
Electrolytes'!' » 



Instructor Out". 1ne: 



Objectives' 1. 2, and 3 - Ionization ' - 

Relief ine iohs and describe the process of 
electroljftic dissociation, ionization in 
solutions,; Generally describe the 3 types 
of electrolytes. Indicate that non-el ectroTytes 
do not dissociate into ions but "separate" into 
molecules in solution. The descriptions of 
electrolytes and non-electrolytes should be of ' 
a general nature dividing electrolytes into acids, 
bases, and salts which, ionize And non-electrolytes 
which do not ionize. Dissociation of electrolytes 
may be shown by equations such as-: 

HCl = H+ + CI- . 
NaCl ^ Na+ + CI" ' • ' 

CaCl2 = Ca-^ 4- 2 cr ^ 
Na2 SO4 = 2 Wa"^ + SO4 = , " 
Al2 (^64)3 = 2 A1+++ + 3' SOa = ; , ^ 

Emphasize that the charge on each ion is the ' 
valence number of the atom or "radicals Also- ' 
popft out that the charges on the ions are 
balanced wi.th respect to each other- (coefficients 
and sul>scripts). 

, Objectives 4 and 5 - Degree of Ionization' 

Use comf)Oiinds common to wastewater such as'^ . 
.•Na2 CO3, Ca CO3, Ho COo, which ionize and depict' 
by equations hCw they form i^ns in water solutions. 
Define ^strong and we^)^ electrolytes. , Specify that 
the ter'ms strong and- weak refer to the degree'of 
ionization. Weak electrolytes couTd be- defined 
as compounds »which dissolve in solution only 
partially as ions and coexist in solution with - 
•the molecular f(/ms of the compound. Incomplete 
ionization may a'lso be cfescxibed as leis than 
100 per cpnt ion-jjiaflon. ^ '. ' 



-7' 



) ■ 
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Module Wo: 

> 

• • 


Module TUTp* - 1 ^ 
„ Chemistry for Operators ' 1 ' ' 


Submodule^Tltle: . - / * - 
Solutions ' .; ' t. • Ik ' . ^ - 


Approx. Tine: 
3/4 hour 


Introduction . ./ y ■ • 



Objectives: • ' 

Upon -eompletion of this module, the parti cipant*.shoi|ld be able to: 

1. Define: Solution, aqueous. solution, solute, solvent, mixture.- 

2. Explain how solutes may be dispersed- into molecular, ioriic and tombi nations 
of the two forms. ' .> 

3. ^.„Differefvtiat"e iTetween a solute in solution (homogeneous) and solids . 
y suspended in solution. (heterogeneous ) . • - 



Instructionarl Aids: \ 



I.nstrtjctional Approach: 
Dfs CUSS ion 



• \ 



References; 

Chemistry Made Simple . Fred C. Hess, DoubTeday an J Coiiipany, 1955. 
^Chemistry for Laboratory Technicians . Stanley Chefim, W. B. .Saunders Co. 



, 1971. 



CUss Assignments: 

P. 66 Chemistry Made Simple 



24 , 



Module 'Ho: 
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Topic: 

Introduction 



Instructor IJotes: 



P. 66 Chemistry Made Simple, 
Solutions V 



IastruG.tor Quf.ine: 



16? C!;iGmistry for Labora- 
tory Technicians - Solutions 
- Int'rodi/ction. 



Objective 1 - Def4. ni^i ons 

Basically objectivel concerns definitions "of 
tems. . ' 

Objective 2 - Solutes, molecules and'ions. 

Describe again how a solute coexists as 
molecules .ap'd iorric form's. * • , ' 

Objective 3 - Homogeneous and' Heterogeneous 

This concerns differenti'ating between 'true 
solutions and heterogenous solutions such 
as colloidal systems. Describe colloids. 



I 

, ! 
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Module 4lo: 



Objectives: " - - ^ 

Upon Gompletion^Df: this module, the participant should be able to: 

h Differentiate Wween strong and weak, concentrated and dHute solutions- 
Explain dilution^ factors an^ give an example^using BOD dilutions. 

3. Describe molarity as a method for expressing concentration. and show How 
it is calcualted. * . ' • . ^ 

4. Prove that concentration, unit 1 mg/T"= concentration unit I ppm. 



Approx. Time: . • , 
V{ hours ' ^ . 



ftedule Title: 
Qhemtstry for Operators 



' Pdge 24 of 77v 




S'ubmodule Dltle: . 
S^uti 



Topic:. . 
Expressi^rig Concentrations 



Instructional Aids: 



Instructional Approach: 
Discussion 



. S 



References; 



Chemistry for Laboratory Techfficiafis . Stanley Cberim, W.-B. Saunders Col," 1972. 
Chemistry Made Simple ^ Fred C. Hess, Doubleday and Company, 1955/ ' 



Chemistry for Sanitary Engineers , Sawyer ahd McCarty, McGraw Hijl Co., 1967. 



Class Assignnients: 

Wprk concentration problem (Ob^ii^ctive 4-) as assigned^ 
Read .PP. 66 - 67 Chemistry Made Sipiple . 
Work practical dilution problems ^'^•26 ^ 



V « 



L 




Topic- 
Expressing 



Corircentrations 



Instructor Not*es:- 



PP. 166 - 174 Chemistry for 
Laboratory Technicians - 
Concentrations of solutions 

p. 66, 67 Chemistry" Hade 
Simple, Methods of Expressii 
Concentration - Dilution 

403 Sawyer and McCarty. 
BOD dilutions 




Instructor 'Out ilne: 



Objectives 1 and 7 - Dilutions \ , • 

Explain concentrations in terms ofv concentrated 
c|)Jut&,_^and percent solute. Examine how 
practr-ce<i dilution problems meiy be solved;' 
for example diluting. cohcentrated stock 
solutions or samples for laboratory analysis. • 
«QP dilutions could bemused to examine how 
diTtition factors are determined. ■ 



Objective 3 aftd 4 - Molarity, concentrations 

Redefine the relationship betwejgn* molarity, - 
mole, and Valume. Show mathematically how 
mg/1 IS converted into parts per million, Gii 
molar concentratioTis of solute, then convert 
mg/1 and ppm. 
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Module No: , 

^ ■ \ 
» " 


• Ptodule Title: 

Chemistry for Operators , • , . • \ 


Subnx)dule Title.^ 

Solutions ' 

, -A — I. ■ ' ' ' ■■ ■ — — 




Approx, Time: 

( 

3 hours ^ . 

— f 


Topic- ^ J 
Nonnality. . ■ 


• 



Objectives: . - - * ^ 

Upon, completion of this module^' the participant Vholild be. able to: 

1. Define Viormality as a method .. of expres sing- concentrati on . 

2. Given the normality of a compound describe and compute the number *of 
jaquivalents and show the relationship between Equivalents, actualj^weight 
of compound, ,and equivalent w eight, - 

3. Ijidicate a fundamental law of chemistry which s'tates tha4: a gii/en number 
of equivalents will react^x^-tly{^i44^^he same number of equivalents 6f- 
another substance. . ' * ' ' , • ' 

. Differentiate betweeardi^ring normalities in terms of ^concentration^ 
IN, 6.N, 12 ^-^f . ^ . ' . 



Instructional Aids 
Handout *No. * 3 



Instructional Approach: «1 

Discussion ^ j 
Handout No. S-^^Work problfems- 



References: - _ . ■ 

Chemistry for Laboratory Technicians , S^tanley Cherim, W. B. ^aunders'^'Co. , 1972, 
ch emist>ry Made Simple , JFred C. Hess, DoubladA\L_and Company, 1955.' 



Manual of 'InstructiorT for Sewage Treatment Plant Operators , Healtti Education 



Service 

Analytical Chemistry , Pietryzk and Frank*, Academic Press, 1874. 



) 



Class Assignments: 



lEead PP>>- .175 - 180 Chemistry for Laboratory Technicians 
^tudy ^andout ^ ^'^ 



4 • 



'Module lig: - 



I Instructor Notes 
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jo|>ic; 
Normal i ty 



ERIC 



Instructor Out* ine: 



te- Pr- 



PP. 175 - 180 Chemistry for 
Laboratory Technicians - 
Normal Solutions ^ 

^ ■ 

P. 66 Chemis.trA'.Made Simple 
(Norjnality ' . ^ 



P. 229 - 23aManW o? 
Instruction for Sewage 
Treatment Plant Operators, 
Normal Solution . . ; 

Handout No. 3 



Obj-ectjve 1 and 2 - Normal-ity • - , ' ? 

ReVjew valence. numbers. for several , examples. 
Indicate that in a steiVchometric reaction 
'a constituent whose' amount is being measured ' 
undergoes a- reaction with another substance 
or IS made to. decompose in accordance .with a 
well defined equation written i'n terms of 
reactanis and products. Review equation forms. 
generaTly Rf^ + Re,/— ^- Rc + Rn. 



PP. 5^- 59 Ana 
Chemistry - Cal 
based on Normal 



yticTal 

lations 
ity 



cu 



Describe that n/rmal ity, like molarity, is a 
method of expressing concentration and is 
commonly used /n wastewater control. \ 

Define equivilen^ weight an'd emphasize that 
I It IS dependent ppon t-he valence involved in 
the reaction. Use examples and refer to 
Handout m 3. ^Determine' equivalents from 
eqiiijalent^ weijht, and. then describe normality. 
.Use handaiit examples. Show that normality 
then is-^n alternate method, though 'an indirect 
one. of /expressing "concentration. Its utility 
IS defi/ied the fundamental law Ni x ml, = 
^2..\'?'2>Jescr*ibed in (2). Work through Hhe 
relatronships-of N. equivalents, equivalent 
weight, and actual weight several times. 

• Objective 3 - Equivalents in reactions ' " 

W significance of -u^ing normality is useful 
du6 to the fact that one equivalent of reactaht 
A/will -react with exactly 1 equivalent of 
.^actant.fi-. 4 equivalents with 4 Equivalents. - 

^and so on" ' • ■ 

j£sent the fundamental equation describing* 
Shis relationship. Normality 1 x volume 1 = - 
No):mality 2 x Volume 2, equivalents = 

is 



equivalents. vUse an- example such as what is 
the; rIorTTialify of- a Na OH solution if a specin 
ml IS needed to exactly react w^ a specified 
g quantity-*o:^, an ackl.-HCl? • • ' 

■r ! • ' / 



fied 



i 



9 -. ■ 



A'. 



.11 ^ 



Module Ho: 



• Top-ic: 
Normality 
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Instructor Notes: 



\ 



Instructor Outline: 



Q'bjective 4, - Concentration ifi terms of ' 
l normality' 

Show how differing normalities of a substance 
describes 'differing concentrations and" 
disouss .their pre])ara.tion. 



• 



30 
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Module No: 



Approx, Time: 



Module Title: . 

Qhemistry for Operators 



Submodule Title: 

Solutions - 



Topic: 

Solubility 



Objectives: 

Upon coppletion of this module, the participant should be able to: 



1. 
2. 
3. 
4. 



Define .solubility and factors influencing solubility in terms of concentration. 
Exprlain the process of dissolwtg and deposition of a solid in solution. . * . 
Distinguish between, a s-aturatdd, unsaturated antf super-saturated solution. 
Explain the equilibriun> conditiom' for^ substances at saturation where 
dissolving and deposition processes oc,cur at equal rates simul t.aneoi^ly. 



Instructional Aids: 



Instruction?! Approach: . < ' * • ' ' % ^ 

Discussion - . . \ 

^ , ■ ' " :'V 



References; 



Chemistry for Sanitary Engi^i^ers , Say^er and McCarty, McGraw.Hill Co., 1967. ^ 



Chemistry- Made Simple, Fred C. Hess,.. Double day ai>d Company, 1955 



Instructional Development Woifkshop , EPA*, Utah^State University, i 



Introduction to Chemistry Turk , 'Mei si ich. Brescia, Arents, 1968: 



Class, Assignn^ents:' . * 

Read PPJ 69, 70' Chejnist ry Hade Simple 

Do Section 18 Instructional Development Workshop 



Module lio: 



Insti^jctor Notes: 
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To|;ic: 
Solubility 



P- 69, 70 ChifllTstry Made 
;-Sinple - Solubility 



Section 18 - -Instructional . 
Development Workshop - The" 
Nature of Solutions 



\ 



* . - . 

P. 3l\^awyer and McCarjt^, 
lieterogeneo-Us Chemical ./ 
EgBilibi\a y' / 




Instructor Ouf.lne: 



A. 



V 



V 



Objective 1 - Solubit^ty • ^\ • 

c^?^^-?V°^^?''^'**^ and factors influencing 
solubility. I would restrict the* factors 
influencing solubility to solids in liquids. " 
.Explain solubility in ten^ of concentration. 

Objective 2 and 3 - Saturated, Unsaturated . ' 
I ^ Solutions 

IIl"^!no*-^-^^ reversible frpcess of dissolving 
thn °! ' solution. Explain 

cnL^ 2^ saturated, unsaturated.' and 

supersaturated for solids in .liquids. 

Objective 4 - Solubility Equilibria 



SnH^^iS- ^f.terogeneous equilibria 'for solids 
and indicate relative saturation values 
iil^V dissolved portion is ionfc. 

bhow by equation from the reversible 
relationship between ions in solution and the 
deposited solid and relateHo an illustration. 



I 



• .L 
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* 


fio^/le Title: \ 

Chemistry for Operators , \^ 


Submodule Title: ^ ' ^ ^ \ A 
Solutions ' ' ^ \ 


Appi^ox. Time:" ^ 
3/4 hour 


Topic: ^ ' . ; • \ 
Ionization in Solutions , ' 



Objectives;. * 

Upon completion of this module, the participant shouljJ be "able to: 

1. Describe the ionization process in aqueous solution. 

2, 'Explaiji how some solutions will conduct electricity and others will not 
' and how this is used in laboratory, testing • 



1 



Instructional Aids: 
Conductivity demonstration if available 



Instructional Approach: . • 
Discussion 

Demonstration - conductive' ty 



References:-' 

Chemistry Made S^imple , Fred C. Hess, Doubleday and Co", 1955. 
Chemistry for Laboratory Technicians /Stanley Cherim, W*."- B. Saunders Co., 1972. 



Class Assignn)ent$: 



33 




Inst?ructor liotes 



^ - « ^ ^ ^ 

i 

Ionization in Solutions 
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p. 77 Chemistry Made SimpTe,- 
lonization * 



Instructor Out", in^e; 




■Objective 1 - Ionization « 

; \ \ • V / 

Re-examiY'the lonization'process .in.water 
solutions! Define degree of ionization and 
.♦indicate tRflt much of laboratory . testinq is 
concerned wi\h ions in "sol ut>ons'. • - > 

\ ^ 

0^jectvve_2 -(Conductivity - Solutions 

-\ \ 

Explain the. analysis of total ionfc 
concentrations by conduqti-vity measurements. 
Speofy tffat the purity of water may be 
de^rmined in part by this measurement. 



1 



P. 239 Chemistry for 
Laboratory Tec^nicianr*- 
Conductimetry - 



^9e „33 of Jl. 



Module No: 



Approx* )Time: 




Module ^itle: ^ , , • 
Chemistry' for Operators 



SubnfKxJule. Titje: 
Solutions 



Topic- 
Suspensions; Colloids, Solids ' 



Object4ves: - ^ ' - > 

K : Differentiate between true solutions and colloidal dispersions and name types 
of substances in water that are sometimes considered soluble actual ly^ferm 
„ collofdal dispersions. / . . ' • ^ . ' 

2. Define tljrbidity and describe causes. / , 

3. Differentiate between dissolved substances and undissolved substances. >» 

4. Differentiate between total solids and suspende<i ^solids in^water and 
wastewater as performed by lab analysis. . • t ^ 



Instructional Aids: 



Solids testing ^apparatus • V 

Singer SVE Filmstrip - solutions, sy^pensioR^i and colT^i.ds 



Instructional Af^proach: 

Discussion 
Filmstrip - A 493-6 




References: " % . 

Chemistry for Sanitary En gjneersV Sawyer and McCarty, McGr^vrHill Co., 1967/ 



0. 



Class Assignments: 

Read PP. 290 - 2^8> 214, 215 Chemistry for *a43itary Engineers. 

35 •• \ 



Module No; 



Topic:' - y 
Suspensions, Colloids, Solids' 



Instructor Notes 



-f- 



p. 214, 215 Sawyer and McCarty 
Colloid Chemistry 



PP. 290 - 298 Sawyer and 
McCarty -^ollds 



PP. 435 - 437 Sawyer and 
McCarty^- Solids ' 



lostrtictor OutWne: 

. 't ■ ' • 



ObjeGtives 1 aild 3. - TrCie and CollofdaV -< 

Describe the relationship between-colloidal" • 
dispersions and true solutions, molecular \. 
and ionic. Use colloidal dispersions to " 
exemplify the narrow range of Sizes "between^ 
dissolved and undissolved substances. 

- ■ ' ' 

Objective 2 - Turbidity 

DefineHurbidity ^d indicate" the range of sizes 
of suspended materi:als causing turbidity. ' 

Objective 4 - Solids . ' , 



Use solids analysis to diagramm'atically show <■ 
the relationship of total, suspended ahcl 
dissolved solids.-' ' • • 



I 
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ftedule TUle:. 
Chemistry for Operators ' 



Submodale Title: 
So'l uti ons 



Tppic/ 

Miscellaneous Solubility 



Ob:jectives: 



V 



Upon completion of this module, the participant should be able to: 



2. 



Using*dissolvad oxygen .and carbon dioxii^e describe the relationship between 
pressure and temperature and the solubility of thesV^ases in a Jagoon. 
Contrast between the relative solubilities of heavy metal§, pesticides, 
Jnorganic and organic substances in water. ->i 



Instructional Aids: 



7^ 



/ 



Instructional , Approach: 
Discussion ^ . 



References: ^ ' c 

Chemistry Made Simple, Fred (f. Hess ,>^Doul)teday and Co.,- 1955. 



Cldss^ Ass^gnnKjnts: 

Read PP. 69 - 71 Chemistry Made Simple 



Page of 77 



Modu'Oe Uo: 



Topic: 

Miscellaneous Solubility 



Instructor Notes: 



V 



P%9 - 
•Simple 



'71' Chemistry Made 
- Solybility 



.A 



^ 



Instructor Outline: 



Objective 1 - Solubility of Gases 




Explain the factors influen£ing--st)tQ5TTity 
of gases in liquids. "Using lagoons show the 
relationships of these factors to solubility 
of dissolved oxygen and carbon dioxide. 

Objective 2' - Relative Solubilities of Substances 

Discuss tf^e fact that solubility' of substances - 
in water is directly related to- the'nature of 
the solute. Discuss the relative solubility 
substances such as pesticides, relatively 
insoluble, metals fairly soluble,- organics 
generally less soluble than inorganics etc. 



V 



38 
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lApprox. Time: 
3/4 hour , 



Chemfstry for Operators 



Submodule Title: 
Solutions 



Topic: : ' 

Miscellaneous ^Solubility . 



Objectives: - 

Upon completion.of this module, tbe participant should ^Table to: 



1. Using activated 'carbon and other materials describe the process of 
^adsorption of solutes: * . . , , ^ ' . - 

2. Indicate the employment of osmosis and dialysis in water -and wastewater 
treatment. ^ * ' ^ ^ * 

3. Describe misciJ>ility, partitioning of solvents, and^solvent extractions. 



Instructional Atds: 




Instructional Approach: 
« 

Discussion 



Referen(j6s: / , ' " 

Chemistry for Sanitary. En^'ineers, Sawyer and McCarty, McG raw Hill Co., 1967, 
Chemi stry for Laboratory Techni ci ans . Stanley Cherini„W. B. Saunders Co. ,'1972. 
Chemistry Made'Simple , F^^ed C. Hess, Doubledav and' Co. . 1955. 



Class Assignments: ' . 

Read PP. 206 -.209, 177 - 180 Chemistry for Sanitary Engineers 
Read P. .71 Chemistry Made Simple 

■ . • ■ . . .. ■ • 

39 - 




P^ge ' ^ft ' of Jy _ 



Topic': 

Miscellaneous 



lYistrJictor Moti 



■ pp. 2p6 - Z09 Sawyer and 
.'McCarty^ Adsorption - 



PP. 177 - 180 Sawyer and 
McCarty , Jl^mosis . and Di alysis 



P. 163 - 166 Chfimistry Ur 
Laboratory T$fiJHTh>ans - 
Sol ubi 1 i ty and Mi s ciBf 1 i ty 

P. 71 Chemistry Made Sinple 
Law of Partition 



Instructor .Outline; 



• Objective l '- Adsorption 



—4- 

4. 



Define adsorption and explain why activated 
carbon -is" used extensively; large surface area, 
^in relation to mass.^ ^ \ 



> Objective 2. - Osmosis -apd Dialysis 



Bri'efly descnbe,^mosis and- indicate how . 
dialysfs is used in. separation .of solutes. ^ 

Objective 3 - So 1 vent J^i s ci bi 1 i ty * 

Briefly describe miscibility, solvent • 
partitioning, and extractions. 

* • 

Exam No. 2 - Next Session . ■ ■ / 



9^ 



• f 



ERIC . 
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ERIC 



Module No: 



Approx^ Tiijie: 

- Ih houns 



Chemistry for Operators 



Submodule Title: 
Chemical Equilibrium I.. 



Topic: • . 

General Equilihrium Conditions 



Obijectivesf ^ , ■ 

Upon" completion of this module, the participant should be able to: 



!• Define reversible and non-revgrsible reactions. 

2. Explain'the ^eve^sib^e reaction condition for soTids in a»saturated solution. 

3. Given^a reaction describe the equiVibrium equation and set up a mathematical 
^ expression for^fhe equilibrium constant. . . " * - 

4. State LeChatelfer's prinoiple and indicate how it is used to predict .the 
outcome^of a given change 1n equilibrium conditions. * - , ' . , . 

5. * Differentiate between heterogeneous and homogeneous equilibrium. 



Instructional Aids: 



X 



instructional Approach: 
Discu^s^ion 



-'4 



References: 

Chemistry Made Simple . Fred C Hess, Doubleday and Co., 1955^: 



Instructional Development Workshop . EPA, Utah State University. 



Class Assignnjent^* • . 

Read Section '6 Instructj^nal Development Workshop- / 
Read PP. 78 -^84 Chemistry Madfe Simple /' * 



Module Ho: 



Topic; . - * 
General Equilibrium 



Instructor Not^ 



Instructor Outline: . * 



PP. 78 - 84 Chemistry Made 
Simple, Chemical Equilibria 



Section-6, Instru 
Development WorksK 
Chemical Equilibri 




Objectives 1 and 3 - Reversible, Non-reversible 
. ■ ■ Reactions, Equilibrium ' 
• ° Expression , 

Describe the conditit)n of equiiMrjuoi for 
partially ionized weak electrol'yfes as an 
example of reversible reactions. Distinguish 
equilibrium types from non-reversible reactions', 
use equations and examine the syirfcols used, 
molar c6ncentrations-,-equil ibrium expression, etc. 

Acetic acid could be used„to"show, by equation, 
how It dissociates partially into ions resulting 
in molecqlar-ionic equilibrium. 

Dlffe renti ate- aga^i n between strong and Weak^ 
electrolytes, percent ionization. 

Explain how a weak electrolyte maintains a 
constant degree of ionization', and set up the 
mathematical expression.. Show the relationship 
Jjeiwe^^^i-ni-ttal compound concentration and 
resultant ionic concentrations .using the " 
ionization constant equation, 

» Show how coefficients in. the reaction equatipn 
are used. irr^he ionization constant equation. 
P '•'^^Mr ^ expressions for situations 
where -coefficients are usee} or not used. T^e 
lorfization equation may be defined as the law 
,of mass action expression. 

(' ■ , - * 

Objective"2""Sofids - Reversible Reaction 

Explain the reversible reaction situation fpr a ' 

slightly soluble solid. Discuss • the equi.librium ' 

condition of solids in ^equiMbrium w^ith.th'eir ' • 

• .ions by illustrating with-a slightly soluble 

c 1 u^.P^^ is covered in. more detail in topic •. 
Se^lubrlity Equilibria. - . ' *^ • : ^ • 

Objective 4 - LeChatelier's-PrlncipTe 

With emphasis on conceVitrationj show how an - 
equilibrium situation. -for a'weak electrolyte 
will Shi ft. position of equilibrium to* adjust 



Module Ho: 




I Instrjuctor Notes: 



Topic: 

General Equilibrium 



J 



Instriictor Outline; 



for a change in concentration, . For example; 
, using HF, describe Row an i Decrease in F ions 
from an external source will, introduce stress 
and cause the position of equilibrium to shift 
in relieving the stress. • Mathematical treatment 
N IS probably not necessary. 

Objective 5.'- HPt.^r^Pn^n,.c , ^nmr^j^ncp„^ 
Equilibrium . 

Briefly discuss the differences between 
he.terogeneoas and homogeneous equilibrium. 



r 
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Module No; 



Page / 4^' of _77^ 



Approx. T1«: 



2 hours 



ftedule Title: 
Chemistry for Operators* 



Submodule Jitler 

Acids and Bases* 



Topic: 

Introduction 



T 



Objectives: ^ , < ■ 

Upon -completion of this module, the participant should be able to: * 

It Define actd^^ base, salt, conjugate acid and base, neutralization, hydronium for 
d. List connion acjds and bases used in watef and wastewater. 
3.. When given the/ name or formula for an acid and b^se write a balanced chemical 

equation for^the reaction which occurs and t\is name the salt formed. 
4. Differentiate [between strong and weak acids and bases. 



\ 



\ 



Instructional Aids: 
Singer SVE Filmstrlip - acids; bases, and salts 



I ns truct iona 1 Approich^ 

Discussion J 
Filmstri> - A 493-^, . 



"V 



References: 




Chemistry for Laboratarv Technicians . Stanley'Cherim, W.^ B. Saunders Co.. 1972. 



Iftstructional Developmen t Workshop . EPA, Utah -.State University. 
Hatiual of Instruction for Sewage Treatment Plant Operators . Health Education 
oervice. % • 



Class Assignments'; . " - 

Bead PP. 186 - 188 Chemis.^ny for Laboratory Technicians. 
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Module Ho: 



Page' 43 of 



Topic: 

Introduction 



77 



Instructor Notes^^ 



Instructor Outillne: 



P. 186 - 188 Chemistry for 
Laboratory Technicians - 
Acids -and Bases 



P. 227, 228 Manual of 
Instruction for Sewage 
, Treatment PI ant "Operators - 
Acids - Basas 

Section 20 instructional . 
Development %^rkshop - Acids 
df\d Bases 



Objective 1 - Acids, bases 

Define jacids and bases as proton donors and 
acceptors. Define neutralisation as a term 
.applj^ing to equaT numbers of H and OH ions 
combining to form waterv . 

Objective 2 - Common atids and bases 

List acids^'and bases cormion to wastewater 
treatment or analysis such as sulfuric, carbo\itc, 
hydrochloric,' sodium hydroxide', ammonium 
hydroxide etc. * - • 

Objective 3 - Neutralization 

Show neutralization reactions, by equations for 
simple acid - base titrations. V, 

Objective 4 - strength of acid5». and bases 

Emphasize 'that strong and weak acids arid bases- 
refers to the degree of ionization. 
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Module No: 



\ 



Approx. Time: ^ 

Ik ,hours . . • 



ftedule Title: 

\Chemistry for Operators 



Submodule Title: 
Acids end Bases 



Topic: 
pH» 



Objectives: . . 

^l^on completion of this' module,, the par.ticipant should be able to: 

A . % 

1. Define pH and ijiJJicate that pH i^-a mathematical expression for hydrogen ion 
* concentration. 

2. Illustrate the pH scale diagrammatically showing neutral, increasing basic 
strength and increasing acid strength. 

3. Identify 3 instances in water and wastewater treatment where pH measurements 
are used and indicate their significance. - 



Instructional Aids: ' . ^ 
pH mfeferr', pH col ori metric testing kit 



instructional Approach:* ^ , ' - 

Discussion 

Demonstration - pH meter, colormetric pH tests 



References: 



. 'Chemistry for Laboratory Teehnicians. , Stanley Cherim, W. B-. Saunders Co., 1972. 
Instructionaj Uevelopment- Worksho p~EPA, Utah Stat§vUni versity. 
c nemistry Made -Simple , Fred C. HeSs, Doubleday and Co.', 1955. 
thgmisxty Tor >anit^ry Engineers , lawyer and McCarty, McGraw Hill Co., 1967. ' 
Modern Chemical 'Technology , ChemiQal Technician Curriculum Project, Volume 3, 
4971'. ' * '' > \ ' 



CI ass Ass i gnnjents : ^ V' - 

Read 'PP.' 84 , 85 Chemistry Made Simple 

Read CH -IS,. Chemistry for S.anitarV Engineers' 

AC - 
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Module No: 



Topic: - • 



Instructor Notes; 



•Instl»uctor Outline: 



P.P. '192-196 Chemistry for- 
Laboratory Technicians - the 
concept of pH 

Section B Instructional 
Development Workshop^; pH ' . 

Demonstration with pH -meter, 
col oi:i metric tests • 

"^P. 84, 85 Crrlmistry Made Simple 
pH ■ ^ 

I 

PP. 437 - 447 Modern Chemical 
Technology -Measurement of pH 



Ch, 1^ Sawyer and McCarty, pH 



Objectives 1 and 2 - pH 

Describe pH as a function of hydrogen ion' 
concentration. Give the" mathematiical expression 
but limit mathematical treatment. 



V 



A 



Explain "liow pH may be--iT)6asured by using pH 
meter or cclori metric methods- 



Illustrate the pH scale. <€ive' examples of' 
substances as 'they relate to a certain pH, 



Objective 3 - pH Measurements - Wastewater 
, . ■ •, -. 

Simply discuss^examples' af where. pH is l^aken ' 
in Wastewater treatment, sueji as in a^digestor, 
lagoon,, effluents,- e'tc^^.an^ briefly 'expl airi 
Why they are t^ken. . - 





r \ 
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•• ..... ^^'^ 

' . \ , . * 


Module H^: ^ *\ 


ftedule Title: \^ 

Chemistry for Operators * ^ ^ 




Sul^moduie Title: — > ^ ' : 




Apprbx* time:' \ 


AciiE^ and Bases - / - ^ 




1 3/4 hours 


Topic: \ : 
Neutralization Tit rati orfs - 


t • 

* ^ 


Objectives i . - 

Upon completion of this module,- the- participant should be able to: . 

1. Define neutra,li^ation reactions, titration, end point, indicates. 

2. Differentiate between atidi^y, alkalinity and pH. 

,3. Discus's how acidity or alkalinity can be determined usjng the basic 

equation-Nj x Vi = x • - * • . 
4.. De§,cribe how alKalimty.. in terms of M^/liter as calcium carbonate Can b^, 
determined by titration'with a specified normality of acid titrant. 

• ' — 




•Instructional Aidi: 




• 


*^ 

Equipment for titration - ^acidity 


• 


Instructional Appircach: . ^* 

Discussion . - - ^ . , ^ . 
Titration demonstration" • > 




References: .* * ' , • " . • 
(Chemistry- for taboratory Technicians, Stanley Cherim, W. B. Saunders Co., 1972. . ^ 


f 


Manual of Instruction for Sewage Treatment Plant Operators, Health Education 




Service." 

<', ■ 


\ ^ _ ' ^ V , 




Class- Assignments: 




ERLC V 


Read PP. 189 - 192 Chemistry" for laboratory Technicians /- ' 

' ■ ' , ' ' '■ 48 - ■ 

. . . ^ . ^ 



0 ^ 
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Module Ho: 



Topic — 
Neutralization 



ructor Notes: 



Instfuctor Outline: 



PP. .189 - 197. Chemistry for 
Laboratory Technicians - Acid 
base titrations 

Demonstration of a titration 



» 

V 



p." 230 Manual of Instruction ■ 
for. Sewage Treatment „P1 ant ' ' 
Operators-, acidity," alkalinity, 

PH , • . • 



ObjectiA/e 1 and 3 - DeterminiTTg acidity and 
•' alkalinity ' ' 

Simply discuss the mecIiBnics of. neutralization 
titrations,- how epdpoints are determirfed. , 
Using the law of mass action Nj x Vj = 
;,N2 x.y2 show how acidity is determined. .Give 
a basic equation form whereby so many mOTiters' 
of titrant will yield a quant j±y-<jf acid. . 
Demonstrate titration-of a sample %r total ' " 
acidity. " • , 

^ Objective 2 - pH, acidity,, arlkalinity 

Emphasize that pH is -nut necessarily a 
measurement of acidity^ or alkalinity bat 
merely ^jeasures the activity of the hydrogen . 
ion; and not necessarily. the total concentration 
of^an acid qr base since ionization is a factor. 

Objective 4 - Determining alkalinity - - ^ 

Explain 'that acidity is reported 4 n -tenns of 
equivalent of Ca CO3 -stnce many times it is 
not known what, acids are present. Show how 
acidity mgAl is changed to mg/1 Ca CO3; 
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Nodule; No: 



Approx. Time: 
1 hour 



Module Title; 

Chemistry for Pperators 



Submodule Title:, 
Ac.ids and Bases 



Topic: 

Incompl etejoni zati on 



Objectives: " ' ' . 

Upon completion .o^this modul&.^the participant, should be able to: 

1. Indicate that we^k acids and bases, are incompletely ionized and coexfst'in 
solution as molecules and ions. 

2. Ust'2 strong and weak acids and bases found in water and wastewater. 

3.. Given the ionic "equation, describe the equilibrium condition that occurs' 
in a weak acid oV base in Solution and set up a 'm'athemati^cal expression for* 
the ionization constant. - 

4. Illustrate how a saft of an acid or base contains a coimion >iOD. ;■ t 



Instructional' Aids: 




'4 



8* 



J' 



Instructional Approach*: 
Discussion 



6 



References: 



Chemistry Made Simple , Fred C. Hess, D^bled^y an^' Cb/j^956 



Class Assignnients: ^ ^ ■ . 

Wd PP. 86, 87 Chemistry Made Simple 



an 



Noduie Ha: 



Topic: 

Ifjcomplete Ionization. 




Instructor Outline: 



■J 



P.' «6» 87 Chemistry Hade 
Siuiple - Hydrolysis 



Objective '1 - Incomplete ionization 

This concerns reiteration of previous 
applications. • " . 

Objective 1 '- Acids and- bases, examples 

Give examples o'f strong and weak acids and 
bases. 

Objective 3 - Equilibrium expression • 

Review equilibrium expressions for weak 
electrolytes and the lontzation constant 
expression. 

Objective 4 - Common ions 

•■ . » 

, Show by neutral ization/f^acti 6ns how" salts 
carry an ion coimion to the acid and base. 
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Module No: 



ERIC 



Approx. Time; 
1 3/4 hours 



Module Title: 

Chemistry for Operators 



Subn»du1e Title: 
Acids and Bases 



Tppic: 

Buffers 



XT 



Objectives; . > 

Upon completion of tfiis irodule, the participant should be able to: 



1. 
2. 
3. 
4. 



Define pH buffers. 
Explain how buffers are, used to' resist changes in pH.' 
Describe how buffers are prepared. * 
Given the addition of an acid or -bases to a buffer solution describe the 
■mechanism involved in determining the capacity to buffer. 



Instructional Aids: ^ * • 

pH meter, buffer solutions,, standard acid solutions 



Film if availab>fe 



Unstructional^Approach: • 

Discussion ■ • 

Demonstration of buffers action. - titration 



A 



References;. - . . • . 

Chemistry for Labowbtrr/Technic-ians . Stanley Cherim, W. B. Saunders^o., 1972.' 
Instructional Development 'Workshop . EPA, Utah State^ University. 
Chemistry for Sanitary Engineers . ^awv,fer and McCarty, McGraw Hill Co.,- 1967* 
Modem Chemical Technology . Chemical T4chni ci an. Curriculum Project. 



Class Assignn»nts; 

Read PP. '196 -.'198 Chemistry for Laboratory Technicians 



Module Ho: 
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Topic; 
Buffers 



Instructor. Note's: 



Instrfictor Outline: 



PP. 196 - 198 Themis try for 
Laboratory Technicians 
.Buffers and ,pH ^ 

PP. 70 - 73 Sawyer and McCarty 
Buffers 



Section 10 Instructiona> 
Development Workshop, the 
common ion effect and 
buffered solutions 

PP. 447 - 449 Modern Chemical 
Technology - Buffers 



Objectives 1 and 2 - pH buffers 

Define^ffers'and how they act to resist 
changes in pH. Indicate the importance of 
natural buffer systems in wastewater. Specify, 
the connion ions in buffer systems. 

Objectives 3 and 4 - Mechanism of buffering 

« 

Describe how buffers are, prepared and show the 
actual process of buffering involved for a 
buffer solution.. Explain why buffers are used 
to standardize pH meters. A buffer 
<temonstra*4on could be presented by preparing 
a buffer solution and adding acid. Examine pH 
changes by a pH meter. Compare this with a. 
non-buffered solution by adding acid to it - 
and observe pH changes. 



ERIC. 
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/ 
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Module No: 



Appi-ox. Jime: 
Ih flours- 



Module Title: 

;Chemistry for Operatprs 

"^Su^rfuU TUle:- 
Acids and Bases ' 



Topic: ^ • ^ 

AUcaliniJty jn Natural Waters* , 



Objectfves:- . ^ - * ^ 

Upon •completion of this fnodule, the participant should be able, to: 

1. List contributors of alkalinity in natural waters* . * . 

2. Describe why alkalini^ty as a measure of buffer capacity is so important in \ 
wastewater treatment.* 

3. Explain how algae blooms .cause .high |)H values. ^ 

4. Describe how P alkalinity and total alkalinity is determined 'by' titration 
with sulfuric acid. ^ 



Instructional Aids: % 
-Titration equipment 



<3C 



Instructional Approach^ 

Discussion * • ^ * . ' 

Alkalinity titr§tipn demonstration 



References: ^ ^ ^ . 

Chemistry for Sanitary Engineers^ , SawyeV arid flctarty,' HcGraw HiM Co., 1967. 



Class Assignn^onts: 




V 



54 ^ 





1 










1 


• ^ « * - *f 
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Module Ho; 


Topic: 




. 




Alkalinity - Natural Waters": ^ ' 

' 




Instructor Notes: 


' Instructor nutHno*^ 


♦ * 






Objective 1 and 2 - Alkalinity contwbutors 




PP. 327 340 Sawyer and McCart 
Alkalinity.- ^ , 


^' / H , • 
y Define alkalinity as a measune of its capacity, 
f to neutralize .acids. Natural waters' alkalinity 
is primarily due to salts of weak acjds. ^ . 
Describe, the forms of alkalinity in natural- - 
waters siich as bicarbpnates , salts- of ' : 
gtphosphates etc. 








.Objective 3 - Alaae blooms and pH 


s 

» 

^ r 






Snow how algae blooms in lagoons may Jncrease 
the pH value, describe/ighanges in alkalinity 
forms by jsquilibrium equations for this 
situation,- . . 


• > 






■Objective 4 - Titration for alkalim'ty 




.Demons tisat ion of titration 

* • 


Demonstrate how alk'alir]ity is determined- by ' . ''■ 
1 titratidn and equate to a sTnple formula, ^ 
ml titrant vs. -a quantity expressed- as mg/1 
' alkali nitv I " j • • ' 










/ 

/ . ♦ ' 

/ / 
/ 

/ 

/ ■ . 


• i 

-.1 • - 

• i ' 




. i . 


% 


V _ ! 
' ^' . 'i . 
'J f 1 < 




■ - ' ■ ■ ■ ■ ' 




) 








♦ 




- \l 

o - 1 
.ERLC - ^ 
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Approx. Time; 
3A4 hour 



Jtodule Titles 

Chemiistry for Operators 



•Submodule Title:' 
Acids and Bases 



T5pTc: 

Acidity in Naturral Waters 



Objectives: — • _ 

-, • } ^ * ' . , * 

Upon conpletion of this module, the'^pat^ticipant should be able to: 

r . ■ ^ . 

1.^ Name th| most common sources of acidity in natural wate«.' 

2/ Discussiwhy ground waters contain large amounts of COo. ^ 



Instruct43&na:l Aids: 



InstructiorvaM ^Approach: 
Discussion^ 

1 1 ' ^ 



1' 



References:' 



Chemistry foir Sanitary Enqinee^rs , Sswyer^anil McCarty, McGfaw Hill Co., 



1967. 



i 



Class ASsig^nients: 



T 



Read PP. 321, 322 Chemistry foh Sanitary" Engineers ' 

' . . - . ' . 56 
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I Module Ho: 



Yo'pic: ■• 

Acidity - Natural Waters 



Instructor. Notes; 



Instructor Outline: 



-rr 



Objective 1 - Acidity sources 



PP. 321, 322 Sawyer and McCarty 
►.Sources-^ and Nature of Acidity 



Discuss sources of acidity in,natural watfers 

Objective 2 - CO2 jn ground- water 

Indicate the reasons for high concentrations 
of CO2 in ground waters. 
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Module No: 
\ •- 



Approx. -Tiine: 



Zh hours 



Module Tttle:' 

Chemistry for Operators 



Subnwdule Title: , 
Solubility Equilibrium ; 



Topic:, , \ 

Solubility°iquilfbria 



Objectives: ' . • * , ■ 

Upon completion of this module, the participant should be able to: - 

1. Explain that insoluble is "relative" and means s*lightly soluble since all salts 
dissolveAttf some extent. . 

2. ,Giv.en tjalcium carbonate as an example; explain that as "insolubles" dissolve 

they do so as ions and result in solid-ionic equilibrium. 

3. - Given an insoluble compound describe the equilibriqm equation and the 

mathematical expression for the solubility constant. 

4. Discuss how the addition of a common ion will upset the equilibrium and how 
th6 stress is relieved. ' ^ • 

5.. Examine how slightly ^soluble compounds have' differing degrees. of solubility. 



InstructionaUAids; 



Instructional Approach: 
Discussion" 



ft^ferences: " • " ^ • j ^. 

Introduction to Chemistry .' Turk. M^islich, Breseia; Ardnts,. 1968. 



Chemistry Made Simple . Fred .C Hess, Doubleday and Cp.,bl955.. 
Analytieal Chemistry .-vpietrvzk' and- Frank, ijcademic Pre^, 1974.' 



Class Assignments:' . ^ ' • ' . .' ' 

Read. PP.. 87.- 89 Problems Set.# llC Chemistry Made Simple 
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/ 
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Module ''Ho: 



Topic: 
Solubility 



Equtlibria 



Instructor l^otes: 



Section 7, Instructional 
Development Workshop - . ~ 
Solubility Equilibria 

<» ' 
pp. 87 - 89 Chemistry Made 
Simple ?i Solubility Produfct 



. 5 



A- 



s ■ 
) 

i 



■ \ 



1 



Instructor Outline: 



Objective U 2, and 3 - Insoluble solids, •* 
\ solubiTity^-qlriTilrria, 

Redefine solubility and insoluble solids, point ' 
. out that "insoluble" is a relative term since 
all salts dissolve to an extent. .Re-examine, 
the reversible situation for solid-ionic 
equilibrium. ' . 

Define the mathematical expression for solubilitV 
products and define symbols used. ^ 

Objective 4 ■ Solubility, commoft ion 

Show how the additibn of a common ion from an 
-external source will upset the equilibrium 
condition- and result in deposition of the solid. 

Objective 5 - De^grees of solubility . 

Discuss relative di7ferences betvyeen solubilities 
and solubility products for unlike compounds. ] 
Indicate that some conpounds, which contain a \ 
gomrnon ion, may precipitate out sooner or later 1 
than others depending upon the magnitude of the I 
solubility produ^ct.. ^ I 



Exam Njo. 3 
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Module N.o: 



Approx. Time: 



Ih hours 



Module Title: 
Chemistpyv for Operators 



Submodule Title: ' 
Introduction and .Compour^s 



EVALUATION - Part A - Covering Submodules Introduction and Compounds 



Objectives: ] 

Upon, completion of this/module the participant should be able to answer correctly 
70% of the evaluation. questions. ^ 

Evaluation Questions : 

1. Using the periodic table find the symbols for the following elements and list 
their atomic weights: Calcium, sodium, nitrogen, iron, chlorine,, magnesium, 
mercuryr*= . / / • ' 



2, 
3. 



Given the compound CaC03 list the elements it is composed of and the relative 
quantities of atoms in the compound* - — 

Describe the general positions of neutrons, protons, and electrons of atoms 
in elements, relative to each other. Differentiate in terms of electrical 
^ - charge. • ; . ' " 

4- Which electrons -of .the shells of an atom are involved with chemical reactions. 
.5.. For the compounds CaC03, Na CI, Na2S04, Hcl, €a (0H)2^ identify\ations and 



anions, wMch these corrpounds mayjfroduce. ' List the valences. 
Define radicals'and gf ve^ the valences, of the fcTlowing radicals: OH, SO4, NO3, 



j7. Make formulas fot^ the Toll owing ; 

^ : Na and so'4 Valences Na = +1 SO4 = -2 
I -Ca and CI "Valences Ca = +2 CI = -1 
\ -y-C^^and OH Valen'ces OH = -1 
If "Ca^and HCO3 Valence HCO3 = -1 
Na and CO3 Valence CO3 = -2 

Note that^^subs.cripts are hecessary 



! i 



i ^ 



^8. Which of the following cations are generally associdied with water hardness; 



Ca++, M9++, Fe++, Hg++, Pb++ , Ba++ , J ' | 

i ^ > I. 

*fpl'laj(ing: . 

CaCOa^ Ca (HC03)2, Na OH, H2SO4, SiOa, CI2'* . ^ ' 



V. - 

,9. Find the molecular wei.#t of 



1?e%f 
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10. Given 20 grams CaCO^, 10. grams Na 0H,'33 g. Ca {HC03)2 compute the 
number of moles for the compounds. ^ 

11. Define a 1 molar solution of Na OH, .1 molar, \01 molar. 

■* . . . =si . ■ ; 

12. State whether the following is a .compound or element: 



Cl_ 
CI 2 
Fe ■ 



N^UH 
Ca {OHTF 

F- 



Sulfuric acid 



.Calcium bicarbonate 



13. Indicate whether the following statement is true or false. ; Water is 
cdirposed" of 2 atoms of hydrogen arid 1 atom of'o>a^g'en. '/ 



^V. V . ' . •. • • ' 
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Module No: 

' Appro;J>^Time: 

Kours ' ' , 


Module Title: 

> • • • 

Chemistry for Operators , ^ 


Submodule Title: 

Chemical Equations and Solutions 


EVALUATION*- Part B -"ISvering £hemical Equations and Solutions 


• 

1 

} 

\ 1 

» 

o ■ 
ERLC 


Objecmes^ , . . _ - _ ,^ . . 

.Upon completion of this module the participant should' be able to answer correctly 
'70% of the evaluation questions: * \ ' 

Evaluation Questions . ' "v • * m^' . 

1- List the rea(?tants and products of the following reaction: HCl + Na OH 
Na CI + H2O. ^ 7 ' . - ^ ' ^ ' 

2. Show by equation form how hydrogen flouride .ionizes into it^ component i'ons. 

3. True or Fals«. compounds that'ionize do so to the same exte^it. 

^ ■ ■ ■ i . 

-4. -jindicate whether t-rue-or false, • ' • 
.J / ' ' ^ i 

a. ^ T F,^, Electi^alytes dissociate- into ions in solution. ■■ . 

b. T F . Non-electrolytes dissociate into molecules in solution. / 
. ' / ■ . i ' - I-.. / 

5. Given a. solution of Na OH (sodium hydroxide) in water which is the solute/and 
. solvent. • , ; . J .4 . 

07 Define aqueous solution. ' . I '1 

•7. Define the difference between concentrated and diljute solutions in temsLbf 
amount of solute involution.- . ^ . ) ) 

■ ■ - 1 • , .^ - - 1 - 1 

8. TrUe or False.,^..l molar solution is more concentrated than a 1 molar > • 

solution: / ' : ' ' - \ . ^ ' 

1 • ■ • .. ] ' '■ '1 . 
,9. ; A .25 mdlar ^solution of H2SO4 contains "how many mojes in 1 literj grams in " 
1 1 1 te r^ ^ ' t ' , « 

10. -Given a .S^nortna;! solution of Ma OH how many equivalents per liter does it 
contain.' • • ' ^ K ' ^\ ' 

^ I > • • ; . \ 

11. Whfoh of, the following normalities! of ttpS^A (sulfuric acid), is more concentrated, 

IN, 6N IZN? •. j ' ] . ■ • . ; 

12. Ci|n -salutes be dispersed in water solutions into molecular and ionic forms at the 
.same time? Yes or 'No.. '.'>.•[ 

13. Find the equivalent, weight O.f the following: CaC03.,.TIa OH', HCl.. , . ^ 

14. ' Given 10 g.,of CaC03 dissolved in 1 liter co#ute;the number of equivalents of 
, CaC03 and its normality. • '■ ^ ^ 

62, ^, . 
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^,f.ifVf.f''^'l^ ^'"^"^"^^ and distinguish between saturated. 

- unsaturated, and sup^aturated in teyms of relative quantities of solute 
in solvent. > . ' , - , 

16. Total io nic content can.be measured by what method? 



17; Total solids minus suspended solids equal ideally what form of soli.ds. 

l^t-o"" ^ temperature of a'lagoorr increa.ses the solubility 

of dissolved oxygen decreases. \ .-^ y 
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Module Not 

*■ • 



Approx*- Time: ' 



1 hour 



Objectives: 



Module Title: 
Chemistry for Operators" 



SubmodJile Title: 

Ch'emical Equi libnum.^Acids & Ba^es , Solubility' Equilibrium. 



EVALUATION - Part C - Covering acids & bases, solubility equilibria* 



V- 



■ ^°"?^t1on of this module the participant should bfe'able to answer correctly 

, 70% Of the evaluation questions. - t ■ • 

'I ' • - . - * • 

1. Define riversible and non-reversible reactions. >* , . ' ' 

2. Show the ;mathemat}i cal expression for the equilibrium constant for the weak acid HF. 



3. Explain w|iat an TncreSs^njJi^ons ^n No. 2. above will do^to the ^quilibri 
situation'. '" : ^-k-'^-^iM' ' ■ ' ^ ^ ■ . 

4. ' Define acli^ an4'base iivt||^''of protons. - 1 



um 



5. Give the|chemical^€guVitipn for. the reacti on between, Na OH arid HCl , show products ^ ' 



. Tor ,f . Sti 
Tory 



Strong acfds ionize 100%. 
WeaR acids ionize 100%. 

7. Briefly ,s>tate LeChatelier's principle. 



3 ■ 



PH 



is a 



ction of 



concentration. 



9. Illustrat| the pH scale showing neutral, bas'i-c and 



lO. 'Given 10 inl of acid HCL^(.IN) hgw many ml 
' to neutralizie the acid. '"'Use the equation 




of .01 N Na OH are required to react 
Ni X Vi = N2 X V2. ' 



ill. List whe|her the following are" weak or str)ng acids. H2SO4; "H2,C03, HCl; HNO3 • 
p._ Define p)|^buffers.. ^' ^ " - • • ^' | , . ' - 

!l3. Namfe the toirmon ion which HCl and Na'-Cl contains.' ' ^ 

■14.- briefly- eplain« why ground waters* -coritairi relatively large amounts 'of Cp2. 

Explain v|iy algae blooms may cause high pH values, 
le. T>;ue or F^lse. All solids are soluble to a certain degree, some 'more- than others, 



17. Show theimathematical exp.ression for the equilibrium constant for the 
! slightlylsoTuble salt Ba 'SO4" (Barium sulfate), and define Ksd^ Ba+'+ - 
ipns and|S04 = ions. . ^ • . 

•■ ■■■ '64- - 



For a jaturate^ solution pf Ba SO. hoWiWill an i-ncrease in SO4 ions from 
an external sburc? upset the equiTibrium situation and how is the .!2stress" 



relieved 

Activated carbon 'is sometimes lised to 
out-of-so1utix)Tn— — 

Define osmokis and dialysi's. 



_^(adsorb^or absorb) solutes 



« 



J . 
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Module' No: 



Approx. Time: 
Ih hours" 



Module Title: 



Chemistry for Operators 



Submodule vTitle: 
IntroductiorT and Compounds 



EVALUATIOH - ^PaVt A - Covering sLbmOdules Ihtroduqtion and Compounds' 



Objectives: 

ANSWERS ' \ ' ^ . • * 

1* Ca.- 40.08 . . • ^ 

. Na - 22-^898 ' v • . , 

N - 14.0067 ? . ^ \ ■ • - . 

Fe - 55.847 ' - ^ • 

' ,C1 - 35.453 *; ' 
t Mg - 24.305 ' ^ 

Hg - 200.59 ' , ' 

^ ^ ? ^ / • ' ' 

)Z. Ca CO3 is composed of.Ca (calcium), Cv(carbon) and 0 (pxygen). Relative quantities 
are 1 atom Ca, 1 atom;C, 3 atoms 0. ^ * . ^ 

^^3, 'Elements are 'composed'of atorts.. Atoms coris^ist of a nucleus core which contains 

.^neutrons and protons an^ cloiids* or shells of e-lectrons- orbiting the nucleus. The 
^ atomic nUmb^ determines the ^quantities of neutrons,, protons i and electrons of an 
y ' atom. . Protons - positive, charge, electrons - negative charge, neutrons - neutral 
: (no charge). ; V ^ - . - 

r.4.' , Electrons iu th6 chitejr shelU pf an atom. , ' 



I 



5. 



'? cations (valence-) 



CaCOj 
NaCl 

■NagSO^ - 
HCl 

Ca (0H)2 



Ca, 

\ 

Na 

H: 



Ca 



^2) 
1+2) 



. ! 



anions (valence) 

I 

'CO3. (-2) radical 

'ci - (-1)- ■ 

;S04 ^ :(-2y radical 
W (-1) 
OH " (-1) radical 



j 6.' Radicals iconsist as groups ol^ elements which will always act as a single unit. in 
'a chemical compound or reaction. ! * ^ ' , . ^ ' 



oh' (hydroxide) -1 ' 
SO4 '(sulfate) -2 / 

NO3 (nitrate).-! / I 

CO3 (carbonate) iz ) 



6'^ 



7. Na^S04'*^oilium sulfate , «. 
Ca Cl2 calcium. cWo ride 
Ca (0H)2 calciVm hydroxide 
Ca (HC03)2 calcium bicarbonate 
Na2C03 sodiup carbonate • , 

8. . Ca++, Mg++^^Fei^ 
1.9) CaC03 = 10Q.0892 (100) 

Ca (HC03)2 = 223.1313 (223) ' 
NaOH = 39.9971 (40) 
H2SO4 = 98.0734 (98) ' 
. Si03 = 76.084:2 j(76) 
Clg = 70.906 (71) 



10. 



*2 ftoles CaCO^ 
.25 moles 'NaOH 
.148 moles Ca (HC03)2 



11. J "'Ola'' solution pAaOH is 1 mole of NaOH per liter" of sol vent, .1 molar 
iolven? ^^"^ solvent, .01 molar.is .01 NaOH per liter 



! 



12. CI - element' f 
CI2 • compound^ 
*Fe - element 
NaOH compound • 6 * • 
Ca (OH) 2 • compound ' 
F ^ element • 
Suffuric acid/- compound 
Calciufn'bica|'bonatQ - compound 



) 



'13. Water - Hgo, Tirue 



67 
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Module No: 



Ap^ox.. Time: 



Module Title: 
Chemistry for Operators 



Submodule Title: > r , 

Chemtcal Equations and Solutions 



EVALUATION - Part B - Covering .Chemical Equations and SolutifinS 



Objectives: 

ANSWERS - ■ ■ ■ , 

1: HCl, NaOH -Teactants . • 

NaCl, H2O "-'products " ' . ' 

2. Hf H+ + r. ' ■ 

3. False 

^ r 

4. a. , True ' * - 

b. True * , - , ; 

5. NaOH = solute • * ■ ' 
H2O = solvent • . ^ ^ , - • 

6. Aqueoas ^solution is^-a solution of solutes in* a water solvent. Aqueous is 
derived from water. J , - 

7. toncent^rated cqntains more solute in solutiV)n than dilute solutions. A 

• concentrated solution contains a substantial quantity of sflute, a dilute 
solution contains a relatively smaljl <iua'ntity of sqlute relative to the 
quanftity of solvent.' .- ■ ■ 

8. False v 

9. .25 nioles, 24.5%V^sms 
lo. ' ;3' eqbiva rents 

n. 12 N 

12. - Yes 

13. " CaC03' equivalent weight = 50. 

' - • ■ • ' 

•NaOH equivalent weight '= 40 , 
■ NCI equivalent weight - 36.5 / 

14. .2 equivalents, -.2 N 




4 ■ 

) 1 » 



J ) 



68 



)> W 



• ■ • 

Conductivity, conduct&metric measi/rements. ' , . 

Dissolved solids • ' ^ ' . ' ^ . ' 

True ' ^ - ; 



\ 



/ 



J 



\ ■ 



7 



Modiyie No: 



Appriox. Time: 



1 hour 
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Module Title: 
Chemistry for Operators 



Submodule Title: 

Chemical Ecquil/brium, Acids & Bases, Solxibil-ity Equilibri.um 



EVALUATION .'pg^t € -^overing acids & bafees, solubility equilibria 



Objectives: 

ANSWERS * ^ . ; 

1. Reversible reactions are those which produce products f rem' reactants and may al.s'o 
reverse to produce reactants from products.^ An equilibrium condition is attained 
whereby bbth situations occur simultaneously. Non -reversible reactions are those 
which go to conpletion, all reactants are used up, "for the reaction" to produce 
I products and there is no equilibrium situation. " " 



2, HF 



+ F" 



/ 



Ka = (H) (F)- 
HF . 



3. An increase in F" ions will cause a shift in the equilibrium condition resulting 
in an increase in the numerator value for the ecfui Librium expression, rn order 
to maintain Ka (ionization) constant for the acid involved) --HF will increase d.ue 
to a Corresponding decrease in ions. Ka is maintained. Note that since 
decreases a pH increase also results. * 

4. > Acids = jproton donors 

Bases = proton acceptors 
^. NaOH + NCI Na.Cl + h - ^ 



6-r a. T ■ 
b. F 



7. LeChateliers principle states that a reaction, at' equilibrium, ^i 11 adjust itself 
'- iji such a way as to relieve, any force, or stress, that disturb^ije^^iq^lrlibrium.. 



way 

8. Hydrogen i.on 



70. 
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9. 


14. 




13 




12 




11 




in 




9 




8 


pH 


7 




6 




5 




4 




i 




■2 
1 




0 



Increases, basic 
neutral 

♦ncreases acidic 




10, 
11. 



12. 
13. 

♦ ^ 

14. 

15. 

16. 
17. 



100 ml of NaOH are,>equired. " , ' 

H2S(f^ - strong • . 

H2CO3 - weak , • • i 

,HG1 - strong^ v 

HNO3 - strong • /' 

>...,._.- 

Buffer^s are substances in solution that offer a resistance to changes in pH 
as acids or bases are added to or fpmied,witljin the solution. ^ 

CI ion (cliloride) . » 

High concentrations may result from bacterial oxidation or organic matter 
with which the material, has been in contact, and unde^ the conditions df 
groun(K,water, the carbon dioxide Is not free to escape'to the atnipsphere. 

Algae , use cdrbon dioxide -in their {Jhotosynthetic activity, arid this 
removal is responsible for such high^pH values. - . ' 

True r ^ ' , ' J 

BaS04(s) - Ba'*'+ + .SO4 = * , t 

Ksp = (Ba) (SO4) * - ; ' . 

I?sp = solubility product constant -'^ 



) * 



} . 
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If the sulfate (SO^) concentration should be\increased-by -addition from 
-^L^iJ^;;? concentration of Ba ion must decrease and the 

amount of precipitated BaS04 must increase in order for Ksd to remain 
tne same.- ' ^ * • ^ 



1 



AdSort) 



Osmosis is the movement of a solvent through a membrane whicFi i$ r 
impermeable to a solute.^ The direction of flow is from the inorl dflute 

solution Dialysis is the condition whereby ions 
wJ?if ?^ pass through a wetted membrane^^af a particular permeability 
•?hVnnnI^^?h"^ of Organic compounds or colloids are unable to pass 

through. Jhus a separation of solutes by dialysis is achieved 



1^/ 



* ^ t 
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• > ^ Pase _;2i of 



T =— ^ 

HANDOUT No. 1 - VALENCE 



A. Common Radicals^ 


1 


< 




Name 


■ ^ 

Formula 


Valence 


i 


Hydroxyl- 


OH 


-1 


• 


Nitrite 


NOf 


-1 




Nitrate 


NO3 






.Sulfate 


. SO4 * 


-2 




Carbonate 


CO3 


-2 




Bicarbonate 




-1 




Phosphate 


PO4. 


-3 


^ 0 


Silicate 


Si03 






Anm^iujn 


':*NH4 4 






Cyanide 







B. Examples compound? and ions of compounds' 
^ Calcium chloride CaCl2 yields Ca (+2)<and CI (-1) ions 

/^cium carb'9n^te CaC03 yield Ca (+2) ^nd CO3 (-2). ions 
Sodium chlonde NaCl yields Na {+l) and CI. (-1) ions 
Sodium nitrate NaNOg yi.eia:-Na 7+1) and'-N03 (-1) io/is " - 

> ' " V* • '— -' « ■' / * " ' 

Potassium chloritTK CI yields K (+l)..an^ CI (-i)|ions 

^ - , - " . • • I 

Ammonium hydroxide NH4OH yields NH4 (+1) and OH tf-l) ions 

Magnesium'sul+ate'MgS04 yields Mg (+2) ^and S0/[ /-Z) ijns 
Calcium bicarbonate Ca (HC03)2 yields Ca (+2) and HCO3 (-1) ions 
Sodium ca.rboriate Na2C03 yields Na '(+1) and CO3 (-2') ions 
Calcium hydroxide Ca .(0H)2 yields Ca (+2) and OH (-1) ions 
Ferric chlonde FeCls yijelds Fe (+3) and CI (-1) ions 



i 
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HANDOUT No. -2 - MOLECULAR WEIGHTS 



Formula, or molecular weight (HTW.) = -the sum of all the atomic weights of 
the elements present in the formula of the compound. 
Ex. NaCl atomic wt. of Na = 22.997 ' ' • 

atomic wt. of CI = 35.457 

.— — ^ 

Molecular st. M.W. of NaCl = 58.454 

' ) • ; ' s ^ . ' . ■ ••• 

Ex. CaC03 atomic wt. of Cu = 40.080 '' 

atomic wt. of C - ' , ' > 12.011 ' 

Molecular wt. M.W. of CaC03 '/ " 100.088 

Note that 3 atoms of oXJ^en are'ln the forrajla and for practical purposes 

100. 0ff8 may be rounded off .td 100. ^ . . • 

Ex. Ca T0H)2 atomic w,t. of Ca = 40.080 ' 

atomic st.'of 0 = 15.999 x*2 = 31.998 " 
' atomic wf. Of H"= 1. 0(18 X 2 = 2.016 
kjltfcular wt. M.W. of Ca'(0H)2 = 74.094 ■ . 

Ex. CH4 atomic wt. of C = i 12.011 ^ 

■ .atomic v5t. of H = 1.008 x A.-- 4.032 
Molecular wt. M.W. of CH4 = . ' -16.043 *Ssj^- 

. Mole - the quantity-of a- compound equal ^in weight to its molecules "weight or 
formula weight; may contain fractibns thereof. . 



Ex. 1 mole af CaCOs =/100..088 units, i/sually moles are expr^fssed in gram 

a - 

amount^ so 1 mole of CaC03 = 100.088 grams ♦ 



75 ■ 
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-V-:^ : — — ' ' . 

Likewise 1 ftolAkOf NaCI = S8.454 g. " ' 

,1 mole 'of Ca (OH)^ = 74.094 g. , 

.4 moles of Ca {0H)2 =-'74.094 g x .4 =^.638 g. - • 

.1 moles of.Ca (0H)2 = 74,094 g x .1 = 7.409 g. " 
2 moles of Ca (0H)2 = 74.094 g. x 2 =. 148.188 g. 

Or givelFthe quantity of a compound in grams find the number of moles it 

contains. , 

Ex. 38 grams of Ca (0H)2 are used to make up a solution, how many moles 
would that be?. 

Actual weight ="n6.- of moles 38 g. = .513 moles 

Molecular weight . • 74.094 g. ; 

Ex. 29 grams of l^aOH^(•so^id) are used to make up a* solution, compute the 
number of moles. 

Na atomic wt. = 22.997 g. * j 

. * 

• 0 atomic wt.= 15.999 g. ' . 

« 

H atomic wt. = 1.008 g. - ; ' ' 

Molecular wt. NaOH = 4^004 g. . ^ - • 

Actual wt. = 29.0 g. | = .725 moles of NaOH 

M..R.-..;: 40.po4:g/ . " ^, • ' ' , , . 

A molar solution of a compound is the number of moles per liter of solution 
(IM). A solution which ^jcontains a half mole .of compound per li^r of solution 
is designated as .5 M, and so on.. - ' . • . . 

Ex. To make a 1 M (Imolar)' solution of NaOH in water 1 mole or 40.004 g. ^ 
(5olid) would be ,added. to. a container and water would ^e filled tq^ make a 
total of 1 liter. for,a *5M solution 40 .-00^ x .5 or 20.002 g. would be used. 
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Na at wt. *22.99'7 x' 2 = 45.994 



Ex. Prepare a .15 mdlar solution of Na2C03 t5*find the number of grams" of 
Na2C03 /equired. .15 molar = .15 irto^s of Na2C03 
M. W. of JNagCOa 

C at wt. = 12.011 
- ' , 0 at w^; = 15.99 X 2-= 31.998 

M. W. Na^COa = 90.003 
1 mole at Na2C03 = 90.003 g. . 
• 15 moTes = 90.003 .g. x .15 = 13.5 g. 

Or 13.5 g. of Na2C03 would be tised per liter to pr^pTare'a ..15 M solution 



.a. 
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H^DOUT NO. 3 - NORMALITY - ' - • 

Normality*= number of equivalents of solute per* liter of solution 

N^nnality (N) = No, of equivalents 

liter of. solution • ' . . 



e^T = 6 equivalents/liter 

IN = l:'^uivalent/liter _ - - 

46N = .16 equivalents/liter 

of 'equivalents =, actual weight of the substance 
^ . 'equivalent weight 



< |quij^alent weight = nylecular weight 

valence^ 

to determine equivalent weight, valence of the^ compound must be .found. • The 



oduct of the valence of.the positive part of a compound times its subscript 
gives what is known as the numb^ar of replaceable hydrogens or nfet positive 
'valence. 
Example . ^ 



Ca"^C03 =-2x1 = 2 valence . 
Na"*" CI" ='rx 1 =^1 valence 
H+2 SO4 = 1 X 2 = 2. valence 
^ ' .Z^ (HC03)^ = 2x1 = 2 valence* 
Cr ^ 1 X 1 = 1 valence ' ^ 
To determine ''equivalent weight of these compounds, take^the molecular weight/ 
valence. 

Example - > CaCO:^molecular wt. = 100 = 50/eq. wt. 
valence -1 ^ - I 

. ' - / ^ 

^ If, for example 22.5 g. of CaC03 were aissolved to 1 liter of water its ' 

' - ^ / ' /" 

N IS determined .t)y: , ^, 

• ■ 78- ' ' 



Equjvalent wt. of CaCOa = 50, ■ ' 

No. :of equiva"le?jjbs = actual wt. - -2.5 = .45 ■ ■ . ■ . 

« eq. wt. - 50 

>i 

Nomality = .45 equivalents/liter. = .45 N 

Nonnality aijd equivalents are useful since 1 'equivalent of compound (A) 

will react exactly with 1 equivalent of compound (B), .3 equivalen-ts with 

.3 eq'uivalents'and so, oi;. . ■ • - • , • 

■ ■ • • •'^ ' " "7 

Reactant A + Reaqtant B = Product C + Product D •. 

For ej<ample 1 equivalent of. "an acid will react with exactly 1 equivalent of 
a base. ^ - . ' ^ - ■ . i' 

-1 2 •. 3 •• 4' , ' - . . 

HCl + NaOH NaCl + H2O ' .• . ■ . • 

Acid pase Salt Water ' ° * • ,. . 

Using the basic^quaitfon: Nj x Vj = N2 x V2 . - . 

Normality of reactant 1 x volume 1 (1) = nonftality of reactant 2 x volume 2 (l) 

Suppose that ^500 ml of a sample eontaining HCl is titrated with NaOH (.5 N) 

and 10 ml. of NaOH is required, find N of the HCl acid. ' ' 

— - • • # 

Ni X Vj = N2 X V2 _ . 



Nj X .'^5 1 ■=■.5' N.X .01 1 
Ni. = .5N X .Oi 1 = .01 N HCl 



